Introduction
============

Acute diarrhea is a common disease among infants and children due to age-specific differences in host defense mechanisms[@B1]. Current laboratory methods allow relatively easy and simplified detection of viruses in diarrhea stool using multiplex reverse transcription polymerase chain reaction (multiplex RT-PCR), which is sensitive and specific in its detection of rotavirus, norovirus (groups I and II), astrovirus, and group F adenovirus (serotypes 40 and 41)[@B2],[@B3]. Recently, the viral etiology of acute diarrhea in infants and children has been actively demonstrated in our country. Rotavirus was identified as the most common viral agent, and norovirus infection was the second most common virus in children with acute diarrhea during the past several years[@B4]. Moreover, vaccination for the prevention of rotavirus infection was introduced for clinical usage in our country[@B5]. Therefore, we expected some changes in the incidence of viral gastroenteritis due to infection with rotavirus, norovirus, adenovirus, and astrovirus in the pediatric age group suffering from acute diarrhea.

Epidemics of acute viral gastroenteritis occur every year, and rise in the incidence of this diseases, especially that caused by rotavirus infection, is observed from late fall to spring[@B6]. Recently, the temporal trend in peak rotaviral activity has gradually shifted from winter to early spring in Japan[@B7]. A similar trend was expected in our country but the data were limited[@B5],[@B8]. The number of hospitalized patients in our hospital abruptly increased in December of 2010 and declined in June 2011. Therefore, in this study, we wanted to detect viral etiology in stool using a multiplex RT-PCR and delineate clinical characteristics.

Material and methods
====================

1. Patients
-----------

This study was performed in patients of 186 children with symptoms of acute diarrhea hospitalized in the Wonkwang University Hospital in Iksan, between December 2010 and June 2011. Acute diarrhea was defined as over 3 times sudden onset watery diarrhea in a period of 24 hours. The 186 enrolled study population was determined afterwards by exclusion of bacterial gastroenteritis that was based on results of routine stool cultures. Multiplex RT-PCR was performed using the collected stool samples to detect rotavirus, norovirus, astrovirus, and adenovirus simultaneously. The stool samples in this study were collected from patients with an age distribution of 1 month to 11 years. Out of the 186 patients, 119 (64%) were male.

2. Viral nucleic acid extraction and multiplex RT-PCR
-----------------------------------------------------

For pretreatment of stool, we placed 100 µL of collected diarrhea stool into the microcentrifuge tube with 900 µL of phosphate buffered saline and vortexed for more than 10 seconds. The stool sample was then left for 10 minutes at 100 ℃, followed by 5 minutes at room temperature. The sample was then centrifuged for 10 minutes at 14,000 rpm, and the supernatant was collected. Viral nucleic acid extraction from the supernatant was performed using a GeneAll Ribospin vRD Viral RNA/DNA Extraction Kit (GeneAll Biotechnology Co., Seoul, Korea), and cDNA synthesis was performed using a Revert Aid First Standard cDNA Synthesis Kit (Fermentas, Burlington, ON, Canada), according to the manufacturer\'s instructions. For multiplex RT-PCR, we mixed 8 µL of extracted nucleic acid with primers and buffers using a Seeplex Diarrhea-V ACE detection kit (Seegene Inc., Seoul, Korea), according to the manufacturer\'s instructions. PCR amplification was performed using a GeneAmp PCR system 2700 (Applied Biosystem, Foster City, CA, USA). The amplified viral nucleic acid product was detected by 2% agarose gel electrophoresis.

Agarose gel electrophoresis results showed expected PCR product sizes for viruses in the control samples analyzed through the novel multiplex RT-PCR method, as observed in the electrophoresis images ([Fig. 1](#F1){ref-type="fig"}). Using the DNA ladder marker as reference, PCR product sizes corresponding to enteric adenovirus (411 bp), astrovirus (650 bp), rotavirus (541 bp), and norovirus GII (214 bp) were observed.

3. Clinical and laboratory manifestations
-----------------------------------------

We retrospectively analyzed the clinical and laboratory characteristics of patients who were positive for rotavirus or norovirus according to multiplex RT-PCR results. We compared these groups based on duration and frequency of diarrhea, vomiting, and fever. The patients were discharged when the symptoms, such as fever, vomiting, diarrhea were improved. We also compared the laboratory findings between these groups, such as white blood cell (WBC) count with differential count, as well as hemoglobin, hematocrit, blood urea nitrogen, creatinine, aspartate transaminase (AST), and alanine transaminase levels in peripheral blood.

4. Statistical analysis
-----------------------

IBM SPSS ver.19.0 (IBM Co., Armonk, NY, USA) was used for frequency and t test statistical analysis.

Results
=======

Viruses were detected in 72 of the 186 cases (38.7%) ([Table 1](#T1){ref-type="table"}). The most common virus was rotavirus, detected in 50 cases (26.8%), followed by norovirus, in 18 of the 186 cases (9.7%). Astrovirus was detected in 3 cases, and adenovirus was not detected in any of the cases. Rotavirus and norovirus were detected in one case ([Table 1](#T1){ref-type="table"}). Rotavirus vaccination had been received in 4 of the 50 cases (8%) of rotavirus infection.

Rotaviral gastroenteritis was most commonly observed among children one year to less than two years of age; however, norovirus infection was most common in the less-than-1-year age group ([Fig. 2](#F2){ref-type="fig"}). The male and female ratio was 1:0.7 for rotavirus and 1:0.4 for norovirus infections. Mean duration of hospitalization was 4.8±2.02 and 6.8±3.3 days for rotavirus and norovirus infections, respectively. The duration of hospitalization for acute diarrhea due to norovirus was longer than that of rotavirus (*P*=0.003) ([Table 2](#T2){ref-type="table"}). In our study, rotavirus was detected most commonly in March, such as 14 of the 51 cases (27%). In cases of norovirus, it was detected most commonly in February, such as 7 of the 19 cases (37%) ([Fig. 3](#F3){ref-type="fig"}).

Clinical signs and symptoms such as the frequency and duration of diarrhea were not different between rotavirus and norovirus infections. However, vomiting was common in rotavirus infections and was observed in 30 of the 50 rotavirus infection cases (60%) compared to 6 of the 18 norovirus infection cases (32%), but it was not statistically significant (*P*=0.507) ([Table 3](#T3){ref-type="table"}). The mean hemoglobin and hematocrit levels in peripheral blood were within the normal reference range, and they were not statistically different between rotavirus and norovirus infection cases. WBC count (×1,000/mL) increased to 10.1±4.0 and 13.7±8.7 in rotavirus and norovirus infections, respectively; patients with norovirus infection showed considerably more leukocytosis than those with rotavirus infection (*P*=0.02). Moreover, AST levels in peripheral blood were higher in rotavirus infection (48.6±22.22) than in norovirus infection cases (37.8±10.69, *P*=0.047) ([Table 4](#T4){ref-type="table"}).

Discussion
==========

Relatively simple, easy, and rapid methods have been developed lately for the detection of viruses in the stool, including the more convenient multiplex PCR and multiplex RT-PCR method. Yan et al.[@B9],[@B10] developed multiplex RT-PCR methods to detect 8 viruses such as rotavirus (groups A-C), adenovirus, norovirus (genogroups GI and GII), sapovirus, and astrovirus. In the present study, we used multiplex RT-PCR to simultaneously detect viruses such as rotavirus, norovirus (genogroup I, II), astrovirus, and adenovirus in stool specimens of children with acute diarrhea, using a Seeplex Diarrhea-V ACE detection kit (Seegene Inc.). This kit is a novel commercial multiplex RT-PCR assay that can detect 5 viruses commonly associated with diarrhea, including rotavirus, norovirus (genogroup I and II), astrovirus, and adenovirus. The sensitivity and specificity of this method has been evaluated and confirmed by Higgins et al.[@B3], who reported 100% diagnostic sensitivity for rotavirus, norovirus GI, and adenovirus, and 97% sensitivity for norovirus GII.

Viral etiology in acute diarrhea stool includes rotavirus, norovirus (genogroups I and II), astrovirus, and group F adenovirus (serotypes 40 and 41), and these viruses are the common cause of acute gastroenteritis in children. Therefore, rapid detection of these viral agents in acute gastroenteritis can help clinicians achieve efficient management of disease and avoid unnecessary antibiotic use[@B11]-[@B13]. Noroviruses and rotaviruses affect both adult and child populations, and are a primary concern for infection control[@B14]-[@B16].

The rate of virus-positive stool samples was 47% according to a study conducted by Colomba et al.[@B17], which is within the 31.5-59% range and is roughly similar to previously reported studies[@B18],[@B19]. In 2011, the Korean Center for Disease Control (KCDC)[@B4] reported detecting viruses in the stool of 30.6% of acute diarrhea patients less than 5 years of age; the most commonly detected virus was rotavirus (15.4%), followed by norovirus (11.6%), adenovirus (3.0%), and astrovirus (0.6%). These virus detection rates in stool from acute gastroenteritis patients were similar to those observed in other countries[@B16],[@B20],[@B21]. In Lanzhou, China, viral etiologies of acute gastroenteritis in hospitalized children with diarrhea were detected using enzyme-linked immunosorbent assay, RT-PCR, or PCR[@B21]. The detection rates of rotavirus, norovirus, saporovirus, astrovirus, and adenovirus were 54.0%, 9.2%, 1.1%, 3.3%, and 4.4%, respectively. In our study, the rate of virus-positive stool samples was 38.7%. Rotavirus was detected in 51/186 cases (27.4%), norovirus in 19/186 cases (10.2%), and astrovirus in 3/186 cases (1.6%); adenovirus was not detected in any of the cases. Norovirus genogroup I and II were detected in 4/19 (21.1%) and 15/19 cases (78.9%), respectively. We consider that the difference between the detection rates observed in our study and those reported by the KCDC[@B4] is due to the difference in sample size and mean age of patients between both studies. Moreover, the detection rate of rotavirus in our study was lower than that reported by the study conducted in China (27.4% vs. 54%), which is, we believe, due to the detection method, socioeconomic, and geographic differences between both studies.

Bon et al.[@B22] detected rotavirus, calicivirus, astrovirus, and adenovirus 40 and 41 using an enzyme immunoassay and RT-PCR. They reported the average ages of patients with rotavirus, calicivirus, astrovirus, and adenovirus 40 and 41 infections as 11, 14.8, 34, and 15 months, respectively. Lee et al.[@B6] studied rotavirus and norovirus infections in children with gastroenteritis, and reported that the age most commonly detecting rotavirus (111 cases, 61.0%) and norovirus (37 cases, 50.1%) was 7 months to 2 years old age group. In our study, the age group most commonly detecting rotavirus was 12 months to under 2 years of age, and the age group for norovirus and astrovirus was under one year of age.

Lee et al.[@B6] studied for 2 years from 2005 to 2006 to compare norovirus to rotavirus gastroenteritis, and they reported that rotavirus was most commonly detected in May and norovirus in December. However, Hwang et al.[@B8]\'s study on viral gastroenteritis showed that the peak incidence of rotaviral and noroviral gastroenteritis in 2009 were during March and April. In our study, the incidence of rotavirus infection gradually increased from December to March 2011, and the peak incidence was reported in March. After April, the incidence of rotavirus infection dropped significantly, and only 1 case was reported in June 2011. Norovirus infections showed a relatively similar pattern to rotavirus infections, but the peak incidence was noticed in February, and no cases were detected after March. There were some limitations in comparing our study to others, because our study was done in short term duration and for the abruptly increased cases.

Coinfection of viral agents in children with acute gastroenteritis was reported by several studies[@B23]-[@B25]. Simpson et al.[@B24] reported the incidence of viral agents in diarrhea stool of American children as 28% for rotavirus, 13% for norovirus, and 9% for coinfection. The rate of rotavirus coinfection with other viruses was 6.3% among children living in Spain, according to a study conducted by Sanchez-Fauquier et al.[@B23]. Koh et al.[@B25] reported a rotavirus coinfection rate of 39.7% and a norovirus coinfection rate of 41.1%. In our study, rotavirus and norovirus coinfection was only reported in one case. This is similar to the results reported by Yan et al.[@B10] who did not observe coinfection in any of the cases they studied; they detected norovirus, saporovirus, and astrovirus in 42, 16, and 4 cases out of 62 cases of virus-positive stool samples, respectively.

The tetra-valent rotaviral vaccine was developed in 1998 and was authorized for clinical use in USA. However, vaccination was later prohibited because intussusceptions were reported within a year from vaccination[@B26]. Recently, new rotaviral vaccines, such as human-bovine reassortant rotavirus vaccine and live attenuated vaccine, were developed and reintroduced for clinical use[@B27],[@B28]. These new rotavirus vaccines have been clinically administered in our country since 2007. In our study, among 50 patients with rotavirus gastroenteritis, 4 patients have been previously vaccinated against rotavirus. This result does not imply that rotavirus vaccination fails to protect against rotavirus infections, since patients included in this study were limited to those hospitalized for acute diarrhea.

The clinical symptoms and signs such as fever, vomiting, and diarrhea are known to be severe in rotavirus infections[@B29], and they result in dehydration, which subsequently leads to prolonged hospitalization durations[@B17],[@B30],[@B31]. Ahn et al.[@B32] reported fever, vomiting, and diarrhea in 67.8%, 57.1%, and 98% of rotavirus infections, as well as 68.9%, 55.1%, and 89.6% of norovirus infections, respectively. The signs and symptoms of norovirus infection were relatively mild compared to rotavirus infection. Hwang et al.[@B8] reported that mean duration of hospitalization was 3.9 and 4.2 days for rotavirus and norovirus infections, respectively and no significant differences were noticed in the frequency and duration of vomiting in these gastroenteritis. In our study, the difference in the mean duration of diarrhea between rotaviral (4.8 days) and noroviral (6.8 days) infections was statistically significant. On the other hand, the frequency (times/day) and duration (days) of diarrhea in children with rotavirus and norovirus gastroenteritis were 5.1±2.4 vs. 5.8±3.2 and 2.8±1.7 vs. 3.0±2.2, respectively, and the difference was not statistically significant. However, vomiting occurred frequently in rotavirus infection than in norovirus infection cases, but it was not statistically significant.

Hwang et al.[@B8] also reported leukocytosis in 4 cases (18.2%) of norovirus infection and 4 cases (8.9%) of rotavirus infection. Abnormal liver function test results were also observed in 14 cases (63.6%) of norovirus infection and 40 cases (88.9%) of rotavirus infection. In our study, mean WBC count was higher in norovirus infections compared to rotavirus infection cases, while mean AST levels were considerably higher in rotavirus infections compare to norovirus infection cases; the differences between both groups were statistically significant.

In conclusion, the leading infectious cause was rotavirus and the second most common viral agent was norovirus in the abruptly increased cases of viral gastroenteritis in our study. These results were similar with the other studies of long term duration in acute viral gastroenteritis. The symptoms, signs, and laboratory findings were not specific in our study compare to other studies of acute viral gastroenteritis. Further studies will provide well understandings of outbreaks of viral gastroenteritis and usefulness of multiplex RT-PCR for detection of viruses in these cases.
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![Agarose gel electrophoresis results show expected polymerase chain reaction (PCR) product sizes for viruses, in the control samples analyzed through the novel multiplex reverse transcriptase PCR method. Using the DNA ladder marker as reference, DNA bands corresponding to norovirus G2 (214 bp), astrovirus (650 bp), rotavirus (541 bp), and enteric adenovirus (411 bp) are observed.](kjped-56-383-g001){#F1}
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Incidence of causative viruses in children with acute diarrhea analyzed by multiplex reverse transcriptase-polymerase chain reaction
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Parameters of viral infection in children with acute diarrhea
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Values are presented as mean±standard deviation.

^\*^Excluding one patient in whom rotavirus and norovirus were detected simultaneously.
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Clinical characteristics of acute diarrhea in children with viral infection
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Values are presented as mean±standard deviation. Excluding one patient in whom rotavirus and norovirus were detected simultaneously.
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Laboratory findings of acute diarrhea in children with viral infection
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Values are mean±SD. Exclude one case that rotavirus and norovirus were detected simultaneously. Hb, Hemoglobin; Hct, hematocrit; WBC, white blood cell; BUN, blood urea nitrogen; AST, Aspartate aminotransferase; ALT, alanine aminotransferase.
